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==N AN attempt to determine empirically the associations of 
l) psychotic symptoms into syndromes, the senior author of 
i, this study associated with him in the work a distinguished 
=<] physical anthropologist, Dr. C. J. Connolly, and asked him 
to undertake certain anthropological measurements of the patients 
studied. The object of this was to test Kretschmer’s theory of the asso- 
tiation of body build and psychotic condition in a material in which the 
syndromes were empirically determined and anthropological measure- 
ments were made by one who had a high degree of professional skill. A 
very remarkable association was found and the results published by Dr. 
Connolly (11). 

The problem then arose of considering the anthropological measure- 
ments as a body of empirical data interesting in themselves and with- 
out necessary relations to the psychotic conditions. We have, however, 
taken up the relation of anthropological measurements to psychotic 
type as revealed by the method of this study. The data were inter- 
correlated by Dr. M. Gertrude Reiman, at that time statistical assistant 
inour Department of Psychology. 

The next stage was a factorial analysis of the table of intercorre- 
lations. Dr. Reiman’s table is given below (See Table 1). 
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Since many readers may not be familiar with factorial analysis it 
may be helpful to prelude this study with an historical note, the pur- 
pose of which is to give an insight into the meaning and importance of 
the analysis of measurements into groups of one or more factors. 

Factorial analysis had its origin in psychology. In the early part 
of this century psychologists commenced to apply the now well-known 
Bravais-Pearson correlation formula’ to psychological measurements, 
Thorndike of Columbia became very much interested in the study of 
mental life by the intercorrelations of tests. But he had no technique 
for factorial analysis and came to what Spearman later called the 
anarchical concept of the mental life as group performances under- 
lying which there were no general abilities of any kind. 

The first glimmering of factor analysis appeared in an article by 
Spearman entitled “General Intelligence Objectively Determined and 
Measured” and published in the American Journal of Psychology in 
1904 (Vol. 15, pp. 201-293). Spearman had long looked upon general 
intelligence as a special mental function underlying all performances. 
The basis for this concept was that he developed various techniques for 
demonstrating that for the most varied groups of tests it was possible 
to find a general underlying factor that could account mathematically 
for all the intercorrelations of the tests. The last and best known of 
his techniques was what is known as the method of tetrad differences. 

If we intercorrelate m tests and have also the correlation of each 
of the m tests with a criterion or one underlying general factor, we can 
write equations such as the following: 


The tetrad difference criterion is satisfied when all the first order 
determinants of these equations (containing four correlation coefficients 
involving any four variables) reduce to zero within the limits of prob- 
able error. In this case this set of equations derive from a group of 
equations in which there is only one linearly independent variable. 

It was not long before the universality of Spearman’s G was 
questioned and one commenced to find criteria for the presence of two 
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or more g-factors, and attempts to analyze correlation equations for n- 
factors, whether group factors or general factors (3, 17, 31, 35). 

What is probably the most complete technique for such an analysis 
was given by Louis Leon Thurstone in his classic book The Vectors of 
Mind (28). Thurstone’s technique has been used in the present study. 

Since this technique and its implications may not be widely known 
among biologists, it may be well to say something concerning the nature 
of the factors that are isolated by this and similar methods. 

There are two extreme views of the meaning of the factors isolated. 
One is that of Thurstone: 


Factor analysis is reminiscent of faculty psychology. It is true 
that the object of factor analysis is to discover the mental faculties. 


(30) 
The other extreme is that of Cyril Burt: 


We use factors in psychology as we use rectangular coordinates 
in other sciences, not because we believe that the phenomena investi- 
gated are necessarily dependent upon a few, isolated, independent 
causal agencies, which operate in the mind or brain, and which a 
sound method of factor analysis should successfully isolate, but 
merely because such simplified descriptions enable us to organize our 
facts into a more logical system and help us to state our inductive 
arguments more cogently, and to endow our predictions with higher 
probabilities. (3) 


However, it has been repeatedly found that the correlations of two 
or more tests designed to measure identical mental functions are higher 
than those between tests that measure disparate functions. This is 
evident in the early data of Clark Wissler (34).2 What clouded this 
result was the tendency of many investigators to correlate all sorts of 
performances without any effort to design specific tests for specific 
functions. 

Then some forms of factorial analysis leave the investigator in a 
stage of his work in which sound interpretation and reference to the 
realities originally measured are impossible. Such, for instance, would 
be the technique of Thurstone if he stopped with the “centroid method” 
and did not go on to a rotation of the axes. Such also is the difficulty 
with Hotelling’s method, as Thurstone has pointed out.* 

Anthropological measurements have an advantage over most psycho- 


* Findings by Anastasi (1) and Monaghan (21) seem to clarify this point. 
* (28) pp. 131-2. 
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logical tests in that the number and size of the errors of measurement 
are reduced to a minimum. 

It seems reasonable too to look upon the size of the measurements 
as a function of growth. For all organs develop from the realm of 
the infinitesimal to a value plus or minus the average of the species. 

Can we say that growth is growth and that there can be only one 
growth factor in an organism? All we know about the thyroid and 
the plurality of substances in pituitary secretion indicates that this ques- 
tion must be answered in the negative. There are a number of growth 
factors. Furthermore, they are real, not arbitrary, ways that we adopt 
to describe the organism. 

How many growth factors are there, and by what anthropological 
measurements may they be detected? The present study is a contri- 
bution towards the solution of this problem. It is presented as a |} 
preliminary investigation, not a final and complete study. Had we 
introduced more measurements we would have had further ways of 
determining the factors isolated and might well have detected factors 
for which we have no evidence in the present study. 


LITERATURE ON THE PROBLEM 


At an early date Spearman attempted to intercorrelate anthropolog- 
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ical measurements. Unfortunately, he found no “g” in the 7 measures 
of bodily dimensions from 3,000 male adults. Similar results were 
obtained by factorial analyses of a battery of 8 developmental and 
physical traits such as area of ossification, height, weight, chest girth, 
nutrition, etc., obtained from 115 subjects, and of a battery of 6 
anthropological tests obtained from 477 boys and girls. Spearman 
therefore concluded that divisibility into two factors does not occur 
in anthropometric data. But we must remember the fact that what 
Spearman was searching for was a general factor underlying all the 
measures without any overlap on group factors. If we are inter- 
ested in the discovery of common factors the data cited by Spearman 
can be easily factored into several dimensions. For example, there is 
apparently a group factor comprising the following variables: left mid 
finger, left cubit, left foot and height. Another group factor can be 
easily discovered by mere inspection, such as area of ossification, ratio 
of ossification, height, and nutrition. This seems to be a developmental 
factor. A third group factor may be discovered from these variables: 
standing height, sitting height, weight and vital capacity (27). 
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Cohen (7, 9) applied Thurstone’s centroid and Burt’s method of 
least squares to 14 linear measurements made on a group of 64 psychotic 
males. Two factors through the analysis were identified as isometric 
and allometric, implying respectively “a common rate of somatic devel- 
opment in all bodily regions” and “growth divergence” which is respon- 
sible for the linear or circumferential development. Cohen (8) also 
measured 50 male students in a factorial study which was in agreement 
with his earlier result. Burt (2) measured 131 selected and 197 un- 
selected children of school age, 73 selected and 100 unselected adol- 
escents, as well as 186 adults, and correlated the measures of height, 
weight, circumferences of chest and stomach, length of arm and leg, 
and length and breadth of skull. The figures were indicative of the 
presence of three “separate and independent” factors: (1) a well- 
marked general factor with saturation coefficients all positive, seem- 
ingly a factor of growth of all directions; (2) a fairly well-marked 
bi-polar factor, making, when positive, for disproportionate length of 
the long bones; (3) a second bi-polar factor, most clearly marked 
among adults, making, when positive, for a disproportionate increase 
in breadth, thickness, girth, and weight. Burt suggested three modes 
of classification accordingly. Regression weights were found for a 
number of individuals in the selected temperamental groups to measure 
each of the three tendencies. But the correlations between the physical 
measures and the temperament factors found previously, were not sig- 
nificant. According to Burt, relative shortness seemed to be correlated 
to a very small extent with cheerful emotions and relative thinness a 
little more strongly with inhibitive or regressive tendencies. The corre- 
lations seldom rose above .15. After the scheme was reduced to only 
two antithetical types, ie., a “plump” type and a lean type, regression 
equations were worked out for the best weighted expression for “plump- 
ness” and for “general emotionality,” “extroversion” and “cheerful- 
ness.” The highest correlation, which amounted to —.33, was found 
between “general emotionality” and “plumpness” in the selected adol- 
escent group. A correlation of .32 on the other hand was found in 
adult group between the same physical factor and extroversion. Burt 
concluded that such correlations could not be trusted for the needs of 
diagnosis. Burt in 1943 (4) applied his new technique of “multiple 
factor analysis” to the correlation matrix of more than 500 sixteen- 
year-old American youths obtained from Harvard University and 
found a general factor accounting for more than 60 per cent of 
the total variance and a bi-polar factor distinguishing persons showing 
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relatively excessive growth in “vertical” directions and those showing 
relatively excessive “transverse” or “circumferential” growth. Burt 
regarded this confirmation of his earlier findings as an illustration that 
types are not sharply discriminable classes and that “the more power- 
ful general factor” exerts an obscuring influence on the “types.” 

Hofstatter (15) made three analyses of 15 subjects which gave 
rise to three typologies of 5 types each. McCloy (19) used 19 anthro- 
pometric scales to measure boys and girls from three months to 16 
years. After analyzing the data by Thurstone’s methods, he found 
the following factors: (1) growth in fat, (2) general growth, (3) 
growth in cross-section, and (4) an unidentified factor. Using Thur- 
stone’s methods, Waldrop (33) examined Sheldon’s hypothesis which 
describes the human body build in terms of three major components 
formulated on the basis of twenty measures selected from a larger num- 
ber by multiple correlation technique. Mullen analyzed the data obtained 
from 1320 cases on 17 physical measurements with Holzinger’s 
bi-factor method, and found three factors: a general factor of size 
and two group factors. “One of these is found in the residual corre- 
lations of height, span of arms, length of forearms, and length of lower 
leg . . . The other group factor is found in the residual correlations 
for weight, bi-iliac and bi-trochanteric diameter, and chest girth, width 
and depth.” (22) Holzinger and. Harman (17) analyzed 8 physical 
variables of Mullen’s anthropometric data for 305 fifteen-year-old 
girls with principal-factor solution and found three factors, namely, 
(1) general physical growth, (2) lankiness (height, arm span, length 
of forearm and length of lower leg), and (3) stockiness (weight, bi- 
trochanteric diameter, chest girth and chest width). 

Sterrett (26) presented an intercorrelation matrix of nine anthro- 
pometric variables. A factor having vanishing tetrads was singled out 
therefrom by us, a factor which is composed of knee breadth, hip 
breadth, chest breadth and face length. The last one seems to be out 
of place in this group. Judged from the asymmetry‘ of the figures in 
the given intercorrelation matrix some of the coefficients are evidently 
erroneous. Therefore the presence of face length in this factor is 
very doubtful. Coleman (10) isolated a height factor and a “dead 
weight” factor from a matrix of intercorrelations of 2 physical meas- 
ures and 9 tests for physical fitness. Carpenter (5) using Thurstone’s 
technique analyzed the intercorrelations of two physical measurements 


* In several instances r;;1;,; 
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and 6 track and field tests on 100 college girls. He likewise singled 
out from the matrix a factor identified as dead weight. Carpenter (6) 
in another study gave an intercorrelation table of ten anthropometric 
variables. A factor which is composed of neck, forearm, calf, and 
elbow is apparently present in the male population but not in the female 
population. Dearborn and Rothney (13) gave an intercorrelation table 
of 5 physical measures and one mental measure. We were able to dis- 
cover one physical factor therefrom which can be identified with weight, 
iliac, chest depth and chest width. This physical factor undoubtedly 
underlies the data cited. Sanford and his co-workers (25) offered an 
intercorrelation table of 18 surface and Roentgenographic measure- 
ments. They “distinguished” four syndromes of body build, namely, 
(1) wide, heavy build, (2) tall, narrow build, (3) large build (tall, 
heavy, and wide) and (4) short, wide build. By inspecting the given 
matrix, however, one may easily discover several factors, such as a 
factor including trunk height, suprasternal height, iliac height and head 
length; a factor of weight, chest breadth, chest depth and chest cir- 
cumference ; a factor of standing height, sitting height, biacromial width 
and bicristal width, Hammond (16) applied Burt’s method of least 
squares to a 12-variable problem and an 8-variable problem. Hammond 
made use of the anthropometric data obtained from 100 North Ireland 
adult males and from 40 individuals taken at random from Wales. He 
singled out three factors from the first-mentioned sample, namely, (1) 
the general factor for physical measurement (“It will determine 
the size which these various organs will attain.”); (2) a “body-type 
factor,’—growth in length and depth and breadth; and (3) a factor 
consisting of both head and length groups. The Welsh group had 8 vari- 
ables out of which he found two factors, i.e. the “first general factor” 
as found in the other sample and a factor composed of the length meas- 
ure to form one group and head and face the other. Rees (23) in a 
factorial analysis of 21 physical traits on 200 soldiers found a general 
factor for the growth considered as “general body size” and a bi-polar 
factor, associated with length and breadth, respectively, in the growth 
of human body. Rees.and Eysenck (24) measured physically and 
mentally 389 successive admissions to an emergency hospital together 
with a control sample of 100 non-neurotic soldiers of similar age dis- 
tribution and military status, there being 17 measures in all. The inter- 
correlations of the body measurements were calculated for 200 neurotic 
soldiers of the 389. This matrix was analyzed by Burt’s. summation 
method, which gave rise to two “significant” factors, namely, a body- 
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size factor and a body-type factor which measures “specific growth 
in length” as opposed to growth in breadth. Based on the factorial 
pattern, an index supposedly measuring the body-type factor was de. 
rived which is the quotient of 100 times stature divided by transverse 
chest diameter times six. The distribution of indices of a sample of 
400 neurotic soldiers differ from normal by a positive skewness. Those 
with an index of body-type more than one standard deviation above the 
mean were called by the authors “leptomorphs,” those with an index 
within plus or minus one standard deviation about the mean, “meso- 
morphs,” and those with an index more than one standard deviation 
below the mean, “eurymorphs.” The “eurymorphs” tend towards “hys- 
teria” and “contain fewer schizoid personalities” than do the “lepto- 
morphs” who tend towards the affective disorders and contain a high 
percentage of schizoid personalities. Hammond’s data were reanalyzed 
by Thurstone (30) whose result gave a more sensible and clearer-cut 
structure. Four factors out of the battery of 12 were found and 
identified as (1) factors that are concerned with the head size, (2) 
bone length, (3) transverse measures or girth, and (4) size of extrem- 
ities. Thurstone drew the following conclusion: “The factors that 
determine body size and proportions seem to constitute a system that 
is simpler than the factors which determine the cognitive or intellective 
functions.” Thus there seems to be a real difference between the mental 
measures and the physical data. 

McDonough (20) measured 28 boys and 22 girls from grades 7 
and 8, with an average age of 170.4 months, in 22 anthropometric ways. 
She got a pyknotic g-factor which is composed of chest breadth, hip 
girth, foot breadth, and head breadth, and an asthenic g-factor which 
has such variables as head length, foot length, face length and crinion 
and nose length. 

Finally one may ask what is the nature of these physical factors. 
It will be interesting to note that Huxley (18), using methods entirely 
different from factorial analysis, was able to divide growth into mul- 
tiplicative, intussusceptive type and additive, accretionary type. He 
claimed that the normal growth-ratio of a heterogonic organ is to be 
determined by a result of balance between the size of the organ and 
its body, as described by the equation y = bz* (18). Whenever 
y < bx* the growth ratio of y is accelerated (k; > k), and becomes 
normal again (k, = k) when the organ reaches the size demanded by 
the original equation. In a study of the Molluscs, Huxley asserted that 
body forms depend on constant differential growth-ratios which are of 
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four “factors”: (1) the ratio of growth in length to that in width, (2) 
the median growth-ratio, (3) the lateral growth-ratio, and (4) the 
ratio of excessive growth at specific points to that manifested in the 
major growth-gradients. Thus there seems to be some underlying 
principle which determines the differential growth-gradients which in 
turn determine the differential growth-rate of an organ or an organism. 
This underlying principle might be interpreted as a physical factor. 


THE DATA AND THE ANALYSIS 


The data concerning the 100 patients have been given by Connolly 
as already referred to, so in this paper his figures will not be reprinted. 
Thirty-one variables from the original measures were selected by Dr. 
M. G. Reiman who was responsible for the preparation of the inter- 
correlations. No index value was included for index values involve a 
ratio between two variables. Each variable is a single physical measure- 
ment. These thirty-one variables were intercorrelated by the product- 
moment method. The correlation matrix is presented in Table 1. It was 
subjected to an analysis (centroid) as developed by Thurstone (28). 
After the seventh factor was extracted, the standard error for the aver- 
age seventh residual was found to be .067, while the standard error for a 
zero correlation should be .100. The standard error for the average 
first residual was .196. According to Coombs’ criterion (12) which 
makes use of the number of negative signs to detect the presence of 
common factors, the total number of negative signs appearing in the 
seventh residual matrix should be 384 after the change of signs while 
in the present case they are 382. The more negative signs present, 
the less the vectors come together to form a degenerate cone after 
the reflections, hence the less the common factor dimensions remain. 
Tucker’s criterion (32) requires the value of .937 to demonstrate that 
a satisfactory number of common factor dimensions have been reached. 
In our case the value was found to be .g25. This is an empirical criter- 
ion which is the ratio of the sum of the absolute values of the correla- 
tions, including the diagonals used, before any factor is extracted, to 
the sum of the absolute values of the residuals after the factor is ex- 
tracted. This ratio should be less than (m — 1)/(m + 1), where n is 
the total number of variables. 

In spite of these slight discrepancies there are good reasons to 
believe that a residual factor has been obtained and this is verified in- 
deed by the result of the final rotation. After the seventh dimension 
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was reached, two of the communalities turned out to be larger than 
unity. It is believed that the reliability of the physical measurements 
is very high and hence there is some error involved in taking the 
highest correlation in the column as the estimated communality. The 
ideal method is of course to reanalyze the correlation matrix with the 
communalities reestimated, and this procedure is repeated until a sat- 
isfactory stage is reached. But to analyze a 31-variable problem calls 
for a considerable computational labor. One really wonders what will 
be gained after the repeated estimation of the communalities and fac- 
toring of the matrix, when one considers the tremendous computational 
work involved. Another cause to account for the larger than unity 
common factor variance is probably the small sample we employed 
which was only 100 cases. Such variance was one of the reasons to 
lead us to stop seeking any higher dimensions for our factorial problem. 
The 7-dimensional centroid matrix is given in Table 2. 

Thurstone’s 1938 method (29) of rotating the centroid matrix into 
a simple structure was employed in this study. After 12 cycles of 
rotations the transformation matrix was obtained. It is presented in 
Table 3. When this matrix is pre-multiplied by its transpose it gives 
the cosines of the angular separation between any two pairs of the 
reference vectors. This is shown in Table 4. 

The rotated matrix, V (V = F A)® is given in Table 5. The first 
factor designated by the letter A consists of the following variables 
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be (all with a factor loading above 0.4) : stature, span, nasion to prosthion 
ie (length of face), length of nose, length of ear, length of hand, length 
28 of arm, and length of leg. This factor is clearly of a linear character. 
5 The grouping seems to be in fair agreement with some of Kretschmer’s 
7 length measures. It would be interesting to see whether this factor 
; 4 would differentiate the schizophrenics from the cycloid psychotics or 
‘ not. 

sie The next factor designated by the letter B consists of such variables 
ns as sitting height, span, length of face, breadth of face, bigonal diameter, 
RR nasion to prosthion, forearm girth, length of hand, breadth of hand, 
>3 length of arm and length of leg. Both linear and lateral measures 
‘f came into one group and the picture is marked by the appearance of 


the “area” measures of both face and hand. This seems to be a 
general magnitude factor, i.e., bigness in all dimensions. It is thus 





hin Calbia theawe teers eeoenes 
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of direction cosines. 
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tentatively labelled as a factor having something to do with both length 
and breadth. However, the interpretation of this factor should wait 
until further analysis is made on a much larger battery of physical 
measures. 


TABLE 2 


Centroid matrix* 








I. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 


-.40 . 
.39 F . .36 : 89 
31. ° —.43 ‘ : —.26 .20 67 





* This table has been rounded off from a three-place table from which the 
calculations were made to a two-place table. 
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The third factor (C) is composed of the following variables: stature 
(loading .416), calf girth (loading .524), forearm girth (loading .603), 
breadth of hand (loading .494) and circumference of neck (loading 
603). Considering the three variables highly loaded with this factor, 
one may easily see that it is a lateral or circumferential factor chiefly 
of the forearm, calf, and neck. It will be interesting to compare this 
lateral measure with the linear measure on the different psychotic 


oups. 
. Factor D has such variables as breadth of head, (loading .543), 
height of head (loading .422), breadth of face (loading .472), bigonial 
diameter (loading .437), anterior-posterior diameter of chest (loading 
.549), lateral diameter of chest (loading .523), circumference of chest 
(loading .658), waist girth (loading .604), hip girth (loading .539). 


TABLE 3 


Transformation matrix, A 
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This factor seemingly also pertains to breadth or circumference especial. 
ly from the head to the hip. However, if one takes only those two 
variables having the highest loadings into consideration, it seems to 
point towards the circumference of the trunk. This factor is tenta- 
tively identified as a factor relative to the thickness of the trunk. 
Factor E consists of minimal frontal diameter and palpebral breadth, 


TABLE 5 


Simple structure 











I. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
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The identification of this factor is again to wait for further research. 

Factor F reveals three variables with high positive loadings, namely, 
the length of the head, the breadth of the head, and interpupillary dis- 
tance. This is clearly indicative of a factor underlying the cephalic 
measurements and size of the head. It would be of considerable in- 
terest to see if the cephalic factor has anything to do with the types 
of psychoses or psychological make-up. 


Factor G reveals no high positive loadings in any variable and only 
a high negative one which is stature. If the signs are reversed, there 
is still but one high positive loading. To such a factor it is impossible 
to assign any meaningful interpretation. This is probably a residual 
factor, and with the appearance of such a factor, the conclusion that a 
satisfactory number of common factors has been extracted seems justi- 
fied. 

In summary, by Thurstone’s factorial techniques, we have arrived 
at a simple structure which reveals at least five meaningful factors, i.e., 
a linear factor (A), a magnitude factor (B), a lateral factor (C), a 
circumferential factor (D), and a factor that has to do with the size of 
the head (F). 

The next question we want to ask is whether or not these factors 
are independent or correlated. With this in mind, we have found the 
intercorrelations between the primary vectors as presented in Table 6. 
Following Thurstone’s formula we got this correlation matrix by pre- 
multiplying and post-multiplying the inverse of the matrix of the co- 
sines of angular separation between the reference vectors with a normal- 
izing diagonal matrix, D.6 From this correlation matrix, it is easily 
seen that factor A is positively correlated with factor D and negatively 
correlated with factor F. Factor C is positively correlated with factor 
D, and factor D is negatively correlated with factor F. The factors 
that might be considered as independent are A and C; C and F; B, 
whatever it may be, is relatively unrelated with all the rest except for 
a slightly high correlation with factor F. Factor E, whatever it may 
be, is only slightly correlated with factor F. As G is considered a resi- 
dual factor its correlational significance with the rest is not considered. 
The moderately high correlation between the length factor and the 
breadth factor calls for interpretation. At first sight they should be 
negatively correlated if Kretschmer’s theory about the pyknic and 
leptosome physique is correct. But if one considers the nature of our 


* See below, Table 6. 
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TABLE 6 


Correlation between primary vectors 





A B C 





Linear factor A 1.00 
Magnitude factor B -19 1.00 
Lateral factor C 17 -.14 
Circumferential factor D 45 —20 
Palpebral breadth E -.04 07 
Size of head F —.36 33 
G 43 —.23 





D (A’A) 7D 


sampling which consists of a good number of athletic types in which 
both the linear and the lateral factors are well developed, one may be 
easily lead to the conclusion that in our present sampling the athletic 
type probably has had a considerable share in the total variance. Should 
the components of our sampling be changed in such a way that it con- 
tains only a homogeneous group of leptosome physique, the present 
correlation between these two factors probably would change into a 
negative value. The fact that C and D are slightly correlated may be 
easily explained by the combination of both breadth and athletic factors, 
if D is identified with athletic physique. Both D and C are correlated 
or close to each other, as already pointed out by Connolly without a 
factorial analysis. The fact that factors A, C and D are all negatively 
correlated with factor F, the cephalic factor, is interesting. It must 
be borne in mind that our cephalic factor is not a cephalic index. But 
it has long been pointed out by a number of investigators that the 
head shape, if expressed in cephalic index or any other index, bears 
some significance in differentiating one race from another as the somatic 
type does. Thus the Alpine type tends to have brachycephalic index 
and also a pyknotic physique. Although the cephalic index may not 
be related to our cephalic factor, it is nevertheless evident that in some 
way this cephalic factor is essentially different from the other factors, 
yet has some antagonistic relationship with them. The highest negative 
correlation is that between the circumference of the trunk and the 
cephalic factor. It is, however, necessary to mention that none of the 
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correlations between the primary factors is really very high. They 
range from .45 to —.57. 

The next question we should ask is: How would these factors found 
thus far differentiate one type of psychosis from another? Such a 
step would test the validity of any theory of physical types. Bearing 
this objective in mind, we have to convert all the raw anthropometric 
values into standard scores, (+ — m)/o, multiplied by their respective re- 
gression weights. We thus selected 37 non-paranoid schizophrenics, 32 
paranoid schizophrenics, and 27 manic-depressives. One case diagnosed 
as “paranoid condition” was included in the paranoid group. Depres- 
sions of various types were predominant in the cyclothymic group. This 
predominance is perhaps owing to the fact that patients with a manic 
excitement may be difficult to subject to anthropometric study. It 
should be pointed out that in the present study more cases in each group 
have been included than the original series of 100 patients. There were 
available 10 schizophrenics and 14 manic-depressives that had not been 
utilized to form the group of 100 to obtain the original intercorrelations. 
These extra cases were embodied in compiling Table 7. 

The next step is to select the best variables to represent each factor. 
Only the highest factor loadings are considered. Since factor B and 
factor E are less accessible to meaningful interpretation, they are rep- 


resented by only one variable each, that which has the highest loading 
on that factor. Thus for A we selected: 


. Stature 
. Span 
. Nasion to prosthion 
. Length of nose 
. Length of ear 
. Length of hand 
. Length of arm 
31. Length of leg; 


For factor B we selected: 
. Sitting height ; 
For factor C: 


. Calf girth 
. Forearm girth 
. Circumference of neck; 
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For factor D: 


. Circumference of chest? 
. Waist girth; 


For factor E: 
. Palpebral breadth ; 
For factor F: 


. Head length 
5. Head breadth 
13. Interpupillary distance ; 


For factor G: 
7. Length of face. 


Then by linear combination the centroid loadings of these variables 
in each group under the heading of each factor were added up, and the 
resulting combination together with that of the specifics was normalized. 
By so doing, we have reduced the rank of an original 31 XX 31 order 
matrix to that of a 7 X 7 one. This would save no little computational 
work in finding the inverse. Then the transformation was performed 
by post-multiplying this 7 X 7 matrix with the normalized inverse of 
the matrix of direction cosines. This transformation gives the correla- 
tion between the composite variables and the primary factors. The 
resulting matrix was transposed and it was pre-multiplied by its own 
transpose. This resulting multiplication gives the intercorrelations be- 
tween the composite variables, and is given in Table 8. Then the in- 
verse of this matrix was found. The transpose of the matrix of corre- 
lations between the primaries and the composite variables was finally 
post-multiplied by this inverse matrix and this operation gives the 
desired regression weights. The formula as derived by Thurstone is 


Woda — Rye Rao > 


where / is primary and c and d stand for composite vectors (c = d). 
The regression weights are given in Table 9. By inspecting this table 
one will see that except for a high negative weight of factor F on the 


* It would have been possible to determine this factor by still other measures 
and to have taken fewer measures for A, but the measures taken are the highest 
and determine the presence of the factor in a symmetrical matrix. 
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TABLE 8 


Intercorrelations between the composite variables (Rea) 





Cs Cs Co Cp Ce Cr Co 








composite variable Cz, those on Cg, Cg and Cg are negligibly low. In 
order to get the desired score for each patient one has to reduce first 
of all the raw anthropometric values to standard scores. Then the aver- 
age standard score for each patient on each factor should be found. 
It seems to save much of thé unnecessary computational labor by leav- 
ing out the variables Cg, Cg and Cg and by using those in C4, Co, Cp 
and Cy only. The final result would not have been very different, even 
if these variables had been included. In Table 10 we present the aver- 
age weighted standard scores of the anthropometric values in this study. 
We used the composite standard scores, without weighting, for factor 
F, for each psychotic group, on the ground that we had left out the 
composite variable for factor B, which carries a large negative weight 
on factor F. We nevertheless have reasons for believing that the 


TABLE 9 


Matrix of regression weights 








Cs Cs 








Linear factor A ; 52 
Magniti:Je factor B .07 
Lateral factor C -.08 
Circumferential factor D .03 
Palpebral breadth E -.35 
Size of head F .26 

G —.25 
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TABLE 10 
Weighted standard scores of each psychotic group 





A D 





Non-paranoid 
schizophrenic 23 8.88 


Paranoid 
schizophrenic 02 5.75 -.03 8. 37. 16.71 


Manic- 
depressive -.05 4.42 —12 5.36 14 10.31 -.04 11.84 





* Values under this column are non-weighted composite standard scores. 
# x* = difference obtained by subtracting the group mean from the individual 
anthropometric values, squared. 


standard score alone in this case was fully justified for comparing the 
significance of the difference in the means. 

It remains to inquire as to the statistical significance of differences 
between the means of the various groups. We have tested this for 
each of the twelve pairs, using Fisher’s ¢ test (14). Of these differ- 
ences, the only two to reach the I per cent significance level are those 
between the non-paranoid schizophrenics and each of the other two 
groups for the factor of trunk circumference. The score for this 
factor is negative for the non-paranoids, and positive for the other two 
groups. This confirms the conclusions earlier reached by Connolly. 

One other difference, that between the non-paranoid schizophrenics 
and the manic-depressives in the linear factor, is significant at about the 
3 per cent level. 

None of the differences in the cephalic factor of any pair of groups 
is significant. As a matter of fact the ¢ values are so low that one 
cannot make the inference that these groups are composed of three 
different populations with reference to this factor. Therefore the 
cephalic factor cannot differentiate one group of psychotics from an- 
other in our sample. This seems to imply that the cephalic factor is 
entirely different from the other physique factors; although they have 
some kind of antagonistic relationship, nevertheless they do not go to- 
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gether to form one underlying order to make differential classification 
of types of essential psychoses possible. 

Finally, it would be worth knowing to what extent the factors we 
found would differentiate themselves within the same psychotic group, 
We left out the factor F because we had not worked out the weighted 
standard scores for this factor. First, we found that the ¢ value for 
the difference between the factor A and factor C in the non-paranoid 
schizophrenics was 4.49. This is significant at less than the 1 per cent 
level. The difference between factor A and factor D is still more 
significant within this psychotic group. There is, however, no signifi- 
cant difference between the anthropometric values on factor C and 
factor D. This means to say that among the non-paranoid schizophrenics 
their linear anthropometric values exceed the mean for their group 
relatively more than either their lateral muscular values or the values 
of the thickness of the trunk. The probability of the difference be- 
tween the factor A and factor D among the paranoids, however, is 
from 10 to 5 out of 100 that it would be not different from zero. 
Therefore, there is no significant superiority of thickness of the trunk 
to length of body in the paranoid group. However, the value of the 
thickness of the trunk of this group is significantly higher than that of 
the lateral muscular factor. This implies that factor D is probably of 
more importance in differentiating the paranoid type of physique than 
factor C. Among the manic-depressive group both the lateral muscular 
value and the value of thickness of the trunk are higher than the linear 
value, but the probability is between 30 to 20 per cent and between 5 
to 2 per cent that these values would be zeros, respectively. The three 
significant differences so far found clearly indicate the possibility of 
converting these values into some sort of ratio or index which could 
be made use of to diagnose differentially the physique of a paranoid and 
a non-paranoid schizophrenic. Finally, it should be pointed out that 
paranoids probably form an entirely different category of mental illness 
and perhaps should not be confused with the other schizophrenics, as we 
have seen the paranoids’ physique is different from that of the remain- 
ing types of schizophrenic patients. 


SUMMARY 


A factorial analysis of Thurstone’s techniques was applied to the 
anthropometric data obtained by Connolly. Seven factors were isolated, 
five of which yielded to meaningful interpretation. The factors identi- 
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fied are: (1) a linear factor, (2) a magnitude factor, (3) a lateral- 
musclar factor of extremities, (4) a thickness of trunk factor, 
and (5) a cephalic factor. These factors are slightly correlated. The 
cephalic factor correlates negatively with factors (1), (3), 
and (4). Regression weights were obtained for the four most signifi- 
cant factors and the raw anthropometric values of 96 male psychotic 
patients were converted into standard scores multiplied by the respective 
regression weights. Fisher’s t values were then found to test the signifi- 
cance of the differences in these weighted scores on the factors. The 
thickness of trunk factor was found to differentiate significantly the 
non-paranoid schizophrenics from the paranoid schizophrenics and the 
non-paranoid schizophrenics from the manic-depressives. The linear 
values in non-paranoid schizophrenics is significantly higher than that of 
the lateral muscular value and the trunk-thickness value. In the paranoid 
group the trunk-thickness value is significantly higher than that of the 
lateral muscular value. The analytical result implies that paranoids and 
non-paranoid schizophrenics really belong to different categories. 


The factors found have no doubt a true physiological meaning. 
There are a number of factors that have to do with the growth of the 
organism. To obtain further light on the nature of these factors and 
perhaps their endocrinological significance, we should use anthropo- 
logical measurements of a large random sample of a group of indi- 
viduals drawn from a homogeneous group belonging to a specific race. 
Were this done light of considerable value might be thrown on the 
biological factors of human growth. 

Our present study did not envisage this important problem, but 
was concerned with an attempt to determine whether or not some statis- 
tically significant differences of physique characterize patients suffering 
from different psychotic conditions. Our study leads to the conclusion 
that such statistically significant differences are found and suggests a 
technique for the investigation of the physiology of growth. 
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POPULATION GROUPS 


ILLUSTRATED BY PROBABILITIES OF DEATH OF 
WHITE FATHERS AFTER BIRTH OF CHILDREN 
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JANY demographic problems require the estimate of survival 
rates or their complement, probabilities of death, for a 
number of years after a date when a particular status is 


SS} acquired. Among such groups are those composed of 
fathers, mothers, married persons, new entrants to the labor market, 
immigrants, and veterans.' A particular age group in an enumerated 
population also acquires such status at the time of enumeration. The 
following discussion evaluates four methods of calculating prob- 
abilities of death in closed populations. 

The characteristics of such closed groups which make them subject 
to estimate of average probabilities of death are: 

1. The individuals have acquired a status at a particular time and 
will remain in that status until death. 

2. The initial average age of individuals will be above 15. 

3. The group is closed in the sense that no new entrants are received. 
If the ages of annual increments to the group are known, each annual 
“crop” may be treated as a separate closed group. 

The data used in this article to illustrate the problem refer to 
white fathers in the years 1927 to 1944 (i.e., fathers of children under 
18 years of age in 1945). Fathers in each calendar year were consid- 
ered as a separate closed group. Their ages were estimated by averaging 
the ages of fathers for three years during the period, and their mor- 
tality rates were assumed to be those of the U. S. Life Table, White 


Males, 1939-41. 
* Pioneer work was done on this problem in calculating probability of orphan- 


hood by A. J. Lotka and discussed in “Orphanhood in Relation to Demographic 
Factors,” Metron, Vol. 9, No. 3. 
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The age distribution of fathers who survive up to successive anni- 
versaries of the birth of a child form a pattern of related annual fre- 
quency distributions, each one differing from that of the previous year. 
This difference arises from the fact that after the early years of life, 
mortality rates increase steadily. The result is that the number of 
deaths above the average age is constantly larger than that below the 
average. Furthermore, as every surviving individual in the group 
ages one year, the average age does not advance a full year because a 
smaller proportion of the older members survive. (See Table A, 
Fig. A.) 

It should also be noted that the age at which the mean mortality 
rate occurs differs from the mean age. In most groupings over a 


TABLE A 


Age of fathers at birth of children (1927-1944) and of those surviving 40 years 
and 60 years; U. S. Life Table, 1939-41, White Males 





POPULATION (Pz) Pore Peso 
AT BIRTH OF CHILD SURVIVING 40 YEARS SURVIVING 60 YEARS 


Number Number Number 
Age living? Age 


Age living 





17% I 520 57% I 175 
22144 19 310 62% 13 308 
27% 28 300 67% 16 442 
32% 22 120 72% 9 949 
37% 14 900 77¥2 4 500 
42% 8 070 82% I 311 
47% 3 660 ; 87% 235 
52% I 350 92% 23 
60 770 100 I 


Total 100 000 46 944 





* Computed by formula P.,«/P. (modified long method) 
* Computed by formula Ps.0/Pe (modified long method) 


broader span than five years, the age of mean mortality is older than 
the mean age. In narrow groupings the principal exceptions to this 
relationship will be found in the youngest sections in the life table or 
in groups heavily skewed toward the lower ages. In these circumstances 
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the initial age of mean mortality may be slightly lower than the mean 
age and may actually increase more than one year between two anni- 
versaries, although the mean age increases less than one year. 


WHITE FATHERS BY AGE AT BIRTH OF CHILD, AFTER 
40 YEARS AND AFTER 60 YEARS 
LIFE TABLE SURVIVORS FROM 100,000 BIRTHS 
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The following notation is used in the computations: 
Referring to the closed frequency distribution— 


midyear of an age step when status is acquired 

= population acquiring status in age step with midpoint + 
total population in all ages acquiring status 
anniversary of acquisition of status 

= mortality rate in year beginning with age x 
mean mortality rate for year beginning with anniversary a 
approximate age in years of youngest individual 
age of mean mortality at the beginning of year when status 
is acquired (life table age corresponding to g°) 
probability of an original member of group dying during the 
year beginning with anniversary (a) of acquisition of status 
(mean probability of death) 


= probability of an original member of group dying 


between anniversary 0 and anniversary a. 
In the life table— 
= Q@=97 
= last age in the life table which an individual will probably 


attain, but not survive 
the increment in the age of mean mortality added to v for 
an annual increment of a 


ka = years added to age v to obtain increase in the mean 


mortality age from anniversary 0 to anniversary a 
k = mean increment in age of mean mortality added to v for 
values of a from 0 to ow — y 
k’,, Sk’, and k’ = increments in age of mean survival. 


I. EXACT LONG METHOD 


1. The exact, but sometimes laborious, method of calculating prob- 
abilities of death in closed groups for each year after the acquisition 
of status is to compute the probability of death at each single age and 
add the number dying at each age in order to arrive at total number 
dying in the whole distribution. 
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2. If ages are grouped in the frequency distribution which approxi- 
mates normal, it is permissible to assume an equal number of individuals 
in each of the initial ages of a frequency step and calculate the probability 
of death up to the first anniversary within each step by the formula? 


L.A, bs, Le bs 
in My oth Be ke fe oe > 
5 


and to repeat this calculation up to each anniversary in the period of 
prediction. 

Again, the probability in all steps is added to arrive at the total 
probability of death in the whole distribution.* 





Q°=1— 


II. MODIFIED LONG METHOD 


A somewhat shorter, but less exact,‘ method is sometimes used. 


* L. being the life table value approximating the number living in the middle 
of the year (stationary population). 

* A special application of the method is adapted to the estimate of survival of 
closed groups in the population above a specified age (65 years of age and over, 
75 and over, etc.). From the long method, the mean mortality rate 


Lege = de, and 


2des+t — les 


y= ( 


For the second year 


lee (7 


n* Tu 


This method, of course, assumes that the population group projected has an age 
distribution approximating that of a stationary population which is usually 
fairly accurate at the older ages unless they have been severely skewed by past 
migration or sharp fluctuation in annual number of births. 

* When groupings as narrow as five ages are used, the error is negligible 
in short range projections for age distributions in which v is near the middle 
of the life span. The error increases in proportion to the width of the age group 
and the extent to which the older ages predominate in the distribution. (Cf. 
previous discussion of the relationship between the mean age and the age of mean 
mortality. The close correspondence of results obtained from (Table E) cal- 
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It assumes that the midpoint of each step may be used as a location 
of the average death rate and computes the probability of death within 
each step by multiplying the death rate at the midpoint age (gz) by the 
number living (P,) in that age step to obtain the number of deaths 
in that age step. This process must be continued for each year, sub- 
tracting the number dying during the year beginning at age x to obtain 
the number surviving at the beginning of the age +-+-1 and repeating 
the multiplication as shown in Table B. When each frequency step 


TABLE B 


Computation of modified long method illustrated by mortality of fathers 
age 30-34 at birth of child 





NUMBER LIVING 
(Pe) 











324% 69.5 
33% 333 73-2 
34% 352 77-4 
35% 375 82.1 








has been treated in this manner, the total number of deaths in the 
whole group in a year is obtained by summing deaths for that year 
in all frequency steps. Then the probability of death in that year 
for the original group is the summed deaths divided by the original 
number in the group. Calculation by either the exact long method or 
the modified long method can be protracted if the probabilities are 
to be estimated for a long series of years or if it is desired to sub- 
divide the result by repeating the calculation for such classes as sex, 
race, or economic status. 


III. SHORT METHODS 


It would, therefore, be useful to have a short method which would 
reduce the length of the computation and at the same time produce 
reliable results. 


culating probabilities of death of white fathers by the exact and modified methods 
is due to the compensating effects of the inclusion of some young groups whose 
initial ages of mean mortality are below the mean ages and whose mean mortality 
ages increase more than one year per anniversary, together with older groups 
whose trend in mean mortality in relation to mean age is opposite.) 
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Method A 


Such a method is one by which it is assumed that all the indviiduals 
in a group are initially concentrated at the age of average mortality 
(v)—i.e., where g, represents the probability of death in the first year 
of exposure Q° = q,. If, thereafter, subsequent increases in the age 
of average mortality can be computed, average mortality rates at these 
ages can be read directly from the appropriate life table and applied 
to a cohort beginning at age v. 

1. The first step is to locate the age v. This is done by actually 
calculating the mean mortality rate for the first year of exposure by 
the long method and locating corresponding age in the life table by 
inspection and interpolation. From the age distribution in column 2 
of Table A and the mortality rates of U. S. white males, 1939-41 
(see column 3, Table A), the mean mortality is: 


=P 2G 
6 el a aan 
—_ >P, _ 003775 as qe» 


or v is located at age 35.60 (by inspection). 

2. If the annual rates of increase of the ages of mean mortality are 
ka, the subsequent ages of mean mortality are given by v + keg. 

The mean value of ka (k) over the entire life span may be derived 
as follows: 

y equals youngest age in the distribution, and » equals the oldest 
age which any member of the group may attain but probably not 
survive. 

The members of the group who are youngest when the status is 
acquired have the maximum expectation of life; hence the last sur- 
viving member will probably be one who acquired the status at approxi- 
mately age y. His maximum life span will be wo — y years, after which 
time he will probably be the last survivor of the group and his proba- 
bility of death will become the average probability for the surviving 
members—i.e., after the lapse of » — y years, the age of mean mortality 
increases by » — v years. 


Therefore, when: 


a=-eo—y 


wv = ak = » — v, and then 
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Illustration: In life table used— 
o = 108 


From frequency distribution, Table A— 





But & cannot be relied on as a constant prediction of kg. The most 
convenient method of approximating k, for various values of a is as 
follows : 

3. k, (advance in age of mean mortality from the first to the second 
year of exposure — anniversary 0 to anniversary 1) may be deter- 
mined by calculating by the long method the mean rate of mortality 
for the second year as well as for the first year and comparing it with 
the first and determining by inspection the fraction of a life table year 
represented by the difference. 


— 
Illustration: k, = Bae OO 
Qv+1 ea dev 
k, = 3992 — 3775 — 844 
4932 — 3775 


4. It may be determined empirically that approximation to the ages 
of mean mortality may be obtained by a parabola® plotted from the 











mid-ordinate, y,, # = a —® —_J, 
2 





Ske = Vo + D4 — cH” 


The necessary constants are: 


y= ray (htt) se 




















* A somewhat simpler approximation of ke yielding results within 2 per cent 
of accuracy in most distributions is obtained from linear interpolation between ke 
and k (.844 and .804), yielding an annual increment in ke of (.804 — .844)/45 = 
— .0009. 
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The sign of +k in the expression for y, agrees with the sign of 
hp —~ Be. 


Substitution from illustrations of Steps 2 and 3 to obtain these 


constants: 


Yo = 45(.804 + S44 — 4) + 804 = 45(.824) + 804 = 37.88 


b= k = 804 


37.88 — 36.20 es 1.68 — 408 
(45)? 2025 


c¢= 





Substituting to obtain the age of mean mortality at the 17th 
anniversary : 


* = 17— 45 = —28 
Ske = 37.88 — 28(.804) — (28)? (.0008) 
= 37.88 — 22.51 — .63 = 14.74 
v + Ska = 35.6 + 14.74 = 50.3 


5. Finally, values of qv+zx, when so determined are used to deter- 
mine the probabilities of death Q* by starting with P, = 1 and mul- 
tiplying by q, to obtain Q°, reducing the survival ratio each year by 
subtracting Q* from Pv+3x, to obtain P»+x%,,, (Cf. Table C). 


Method B 


When only mortality rates are available, the computation is limited 
to Method A. But if tables with precalculated /, values are available, 


an alternate method of computation of Q* is more convenient, especially 
@-— I 
for computing cumulated mortality up to anniversary a, y Q*, 
ry 
without reference to intervening single year mortality rates. This 


method is based on the relationship: 
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TABLE C 


Probability of death of white fathers from anniversary 0 through year beginning 
with anniversary 17. Short method A. Ages of fathers 1927-1944; 
mortality rates white males 1939-41 








PROBABILITY 
MEAN MEAN OF DEATH PROBABILITY MODIFIED 
ANNIVER- MORTALITY MORTALITY WITHIN THE OF LONG 
SARY AGE RATE YEAR DEATH METHOD 
a v + Zk Qutik, Q* CUMULATED* CUMULATED 





| 
| 


35.6 .00378 .00378 .00378 .00378 
36.4 398 396 774 775 
37-3 423 420 1194 1195 
38.2 450 445 1639 1638 
39.0 476 468 2107 2108 
39.9 509 2604 2606 
40.8 546 3135 3135 
41.6 582 3698 
42.5 625 4302 
43-4 673 4948 
44.2 718 5631 
45.1 773 6361 
45.9 826 7134 
46.8 889 7960 
47.6 950 8835 
48.5 1022 9767 
49.3 1095 10753 
50.2 1175 11801 


0) 
I 
2 
3 
4 
5 
6 
7 
8 
9 
10 
II 
12 
13 
14 
15 
16 


4 
NI 





‘ Probability of dying between anniversary 0 and anniversary o+1. 


6-— } l 
. ip @ ae ee 


or in the short method: 


~ lv+3kq 
ly 


I 


Whereas Method A is computed from graduated rates of mean mor- 
tality, Method B is computed from graduated rates of mean survival. 


k in Method B is the same value as k in Method A. 
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k’, = 1, and 3k’, may be determined by linear interpolation ® or 
from a parabola with the constants— 


pam I k — 
= *F2( as =k 


b=k 
*1) 


hal . 
2 
The signs of + ‘k and + 1 agree with the sign of k, — k as deter- 


mined in Method A. 
(Cf. Table D for computation by this method.) 








TABLE D 


Method B — Results for selected ages of cumulated probability of death up to 
anniversary a (data from white fathers and Life Table, White Males 1939-41) 





CUMULATED PROBABILITY 
OF DEATH 





lv+3k'g 
I— Lotta Exact method 





35-6 88 519 
40.5 86 657 
45.3 84 091 
52.7 77 845 
72.1* 41 2047 
87.8 4 943 





* Zk’. = (41.39 + 804) (—.00207+) 


co 
y k’. = (41.39 — 6) (.804 — 36) .00207 = 41.39 — 4.89 = 36.50 


7 
ss 
v+ > k's = 35.6 + 36.5 = 72.1 


* 1 — (41204/88519) = 1 — .46536 = .53464 


* As in Footnote 5. 





DEATH PROBABILITIES 169 


It will be noted that for a single projection of cumulated prob- 
abilities, Method B is not much shorter than the alternate long method 
suggested in1I (2). The saving is in proportion to the number of steps 
in the frequency distribution and the number of separate estimates of 
cumulated probability which are required by the problem in hand. 

Obviously, the cumulated probabilities for the 18 separate years 
shown in column 4, Table C, can be as conveniently calculated by 
Method B as by Method A. 

The relationship between Short Methods A and B will be more 
apparent if we consider the relationship: 


Qa = Qo + xa, 


i.e., Pv+3k, aS computed by Step 6, Method A, approximates 


i as read from the life table ages determined by Method B. 


Table E compares the results of the four methods discussed. 


TABLE E 


Comparison of cumulated probabilities of death up to years beginning with 
specified anniversaries, computed by four methods 





METHOD 
ANNIVERSARY Modified 
long 





18 11787 
40 , -53056 
60 .94623 





SUMMARY 
Mathematical principles 


The short methods proposed in this paper are based on the follow- 
ing principles: That a closed group survives until the youngest member 
(initial age y) reaches the limiting age in the life table (age w); that 
in these » — y years the age of mean mortality advances from the age 
of mean mortality when status is acquired (v) to o, i.e, when o — y 
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anniversaries have elapsed after the acquisition of status, the age of 
mean mortality has advanced » — v years. Thus, the age of mean 
mortality of the group approaches the age of the youngest member as 
the age of the youngest member approaches w. Therefore, if the ap- © 
proach of the ages v + 3k, to ages y + a is estimated as in the short 
methods presented herewith, the average mortality experience of the 
group may be read from the functions corresponding to these ages in 
the appropriate life table. 


Practical applications 


In computing the survival (or probabilities of death) in a closed 
status group, such as fathers, mothers, immigrants, veterans, etc., which 
has a known age distribution and known age specific mortality rates, 
the mean experience of the group may be calculated more conveniently 
by the short methods proposed in this paper than by any other accurate 
method. The accuracy of such computations by either short method A 
or B is greater for long-time projections than computations made by 
any other method, except the exact long calculation of the probabilities 
of death in each single year of age. In groups with the initial age of 
mean mortality near the middle of the life span, computations by 
the modified long method, using frequency steps as narrow as five 
ages, are for all practical purposes as accurate as the exact long method 
for short-run predictions. When, however, older ages predominate 
in the distribution, or age groups are broader than five years, or the 
period of prediction is lengthened, the short methods tend to be more 
accurate than the modified long method. The short methods are also 
adapted to the calculation of survivors of broad and irregularly dis- 
tributed age groups in an enumerated population, such as the total 
male working population of a state which has been disturbed by heavy 
migration at various periods. If, however, it may be assumed that 
the age distribution of an enumerated population conforms reasonably 
closely to that of a stationary population, then special methods beyond 
the scope of this paper are applicable. 





